Objective: The aim of the study was to define predictors of syncope recurrence in children and adolescents with vasovagal syncope and to determine the value of tilt test. Methods: A retrospective observational study performed of prospective cohort of 150 patients aged between 8-18 years who were referred to our clinic because of fainting or who underwent tilt test with the pre-diagnosis of vasovagal syncope. The progress updated by telephone or face-to-face interview. Unpaired t-test, Mann-Whitney U test used for normal and non-normal distributed variables. Logistic regression analysis was used to determine the predictors of recurrence. Results: Tilt test was positive in 97 and negative in 53 patients. Forty-eight patients had mixed, 34 had vasodepressor and 15 had cardioinhibitory type syncope. Recurrence found significantly higher in patients who had syncope in the first 20 minutes of the test (p=0.012). The number of the episodes decreased after the test; 3.86±4.75 vs 0.73±0.44, p<0.001). The recurrence was higher in patients who had more than 4 episodes. The recurrence was similar between positive and negative tilt groups. Age of syncope (OR 1.01, 95% CI 1.002, p=0.027) positive family history (OR 4.47, 95% CI 1.071-1.389, p=0.001) and the number of previous syncopal episodes (OR 1.22, 95% CI 1.882-10.623, p=0.003) were identified as risk factors for recurrence of vasovagal syncope. 
Introduction
Syncope is defined as transient loss of consciousness and postural tone resulting from an insufficient supply of oxygen to the brain. It may occur at all ages but especially in children and adolescents (1) . It is one of major complaint for 1% of all emergency admissions (2) and incidence is reported to be about 125.8 per 100 000 children (3) . It is believed that at least 15% of all children will experience a syncopal episode before the end of the second decade (4-6). The incidence is higher in females than for males and a peak incidence in the 15-19 year-old age group (3) . Although it is usually a benign disorder, recurrent syncope may be harmful, may lead to trauma or injury and may induce anxiety. There are many causes of syncope, the most common is neurally-mediated syncope (NMS), sometimes defined as vasovagal syncope or reflex syncope or neurocardiogenic syncope (7) . A careful history and physical examination, including lying and standing blood pressure (BP) measurement while lying and standing, heart rate (HR) measurements and a routine electrocardiography (ECG) are essential to make an accurate diagnosis (8) (9) (10) (11) . Although Head-up tilt test (HUTT) is a practical and useful test for the evaluation of syncope (12) (13) (14) , it is still unclear who are under high risk for recurrent syncope.
The aim of the study was to define predictors of syncope recurrence in children and adolescents with vasovagal syncope.
Methods

Study design
A retrospective observational study performed on prospective cohort of patients.
Study population
The study group contained children and adolescents aged between 8-18 who were referred to our clinic because of recurrent syncope or pre-syncope between the years 2007-2011 prospectively included in the study. The patients who had underlying major structural heart disease, long QT or Brugada syndrome, and who had medication known to affect heart rate or to cause orthostatic hypotension were excluded. The patients were divided into two main groups according to the result of HUTT. Group 1 included HUTT positive and group 2 included HUTT negative patients. Main groups were divided into recurrent and non-recurrent subgroups.
Patients' history before and after HUTT The records of 150 patients who underwent HUTT with the history of recurrent syncope or pre-syncope since 2007 were scanned retrospectively and the progress of the patients were also updated by telephone or face-to-face interview. The families were informed about the study and consent form was taken from the participating families. The number of syncopal episodes and associated symptoms, prodromes, triggers, previous tests, indications for HUTT, the HUTT itself and clinical outcomes were evaluated by a standard questionnaire. The posture at the time of episode, the presence of trauma and the time of unconsciousness were also recorded. After HUTT, children and their family were educated to record their symptoms and asked to inform our department after a syncopal episode.
Recurrence
Recurrence was defined as the reappearance of vasovagal syncope after HUTT.
Physical and laboratory examination
All patients with syncope and pre-syncope were examined comprehensively to rule out neurologic and cardiovascular diseases. The blood pressure, heart rate and the presence of murmur were recorded.
Whole blood count, renal and liver function tests, 12 lead electrocardiography and if needed electroencephalography were performed in the patients who were referred to our clinic because of recurrent syncope or pre-syncope. Patients with murmur and arrhythmia underwent echocardiography and 24-hour Holter monitoring.
Head-up tilt test protocol
Informed parental consent was obtained for each patient. All patients were asked to stop the administration of drugs that could affect the automatic nerve function for at least 3 days and to fast for 12 hours before the tilt test. The tilt test was preceded by 5 minutes of observation in a supine position, and blood pressure, heart rate, and ECG were recorded before the tilt test. A 60 degree tilt was used for subjects until the syncope develops or for 45 minutes and if no symptoms occurred after this passive phase, 400 µg sublingual nitroglycerin was administrated and monitored for 15 minutes for the development of syncope. Blood pressure, heart rate, and 12-lead ECG were monitored continuously. Children were placed in a supine position as soon as the syncope occurred. First-aid drugs were available at all times. A vasovagal response was considered when hypotension, or bradycardia, or both were observed (15) . Asystole was defined as a pause greater than 5 second(s) (16) .
The syncopal phase was classified according to a modification of the original VASIS classification (17) .
Type 1 mixed. Heart rate falls at the time of syncope, but the ventricular rate does not fall to less than 40 beats /min, or falls to less than 40 beats/min for less than 10 second with or without asystole of less than 3 second. Blood pressure falls before the heart rate falls.
Type 2A, cardioinhibition without asystole. Heart rate falls to a ventricular rate less than 40 beats/min for more than 10 s, but asystole of more than 3 s does not occur. Blood pressure falls before the heart rate falls.
Type 2B, cardioinhibition with asystole. Asystole occurs for more than 3 s. Heart rate fall coincides with or precedes blood pressure fall.
Type 3 vasodepressor. Heart rate does not fall more than 10%, from its peak, at the time of syncope.
Statistical analysis
For statistical analysis, SPSS software (SPSS Inc. SPSS version 13.0., Chicago, Illinois, USA) was used. Statistical analysis was used to characterize children with positive and negative tilt responses, children with recurrence of syncope. Continuous variables are given as mean±SD; categorical variables were defined as percentage. Differences for continuous variables between normally distributed groups were examined for statistical significance with a two-sample t-test and with the Mann-Whitney U test for non-normal distributed variables. Chi-square test used for the categorical variables. Forward stepwise logistic regression analysis (odds ratio, 95% CI and p value) was used to determine the predictors of recurrence of vasovagal syncope. The two tailed p value≤ 0.05 was considered statistically significant.
Results
The features of study group The study included 150 patients (100 female-50 male) who underwent HUTT because of repeating syncope and pre-syncope aged between 8-18 years. The average age of first syncope was mean 12.3±3.1 years. The average follow-up period ranged between 3-78 months (mean 23±14 months). The average number of previous syncope was 3.8±4.7 in the application (Table 1) . 69.3% of patients had syncope while standing and 33% of them had syncope while exercising. Dizziness (41%) and blurred vision (21%) were the most frequent prodromal symptoms.
Physical examination and laboratory findings
Thirteen patients (8.7%) had the diagnosis of neurologic disorders such as epilepsy, hyperactivity and migraine. Minor cardiac pathologies such bicuspid aorta, mild aortic stenosis, mild mitral regurgitation, mitral valve prolapse were detected in 21 patients (14%) which were thought not to cause syncope or presyncope.
HUTT results
The patients were divided into two groups according to the result of HUTT. Group 1 included 97 (64.6%) HUTT positive and group 2 included 53 (34.6%) HUTT negative patients. The mean occurrence time of syncope during HUTT was 13.1±10.2 minutes. HUTT was positive in the 70% of females. But it was positive in the 54% of males (p<0.005). The number of previous syncopal episodes were similar in both subgroups. The features of patients who underwent HUTT are shown in Table 2 .
Recurrence (number of episodes after HUTT) Twenty-seven of 100 female patients and 13 of 50 male patients had recurrent syncopal episode (p=0.89). The recurrence rate was higher in older patients (p=0.028). In addition, recurrence rate was found higher in smoking patients and in patients who had previous family story (p=0.043 and 0.001). One hundred and eight patients had less than 3 previous syncopal episodes and 42 patients had more than 4 previous syncopal episodes. The recurrence rate was found higher in the patients who had more than 4 previous syncopal episode (p<0.001). The effect of HUTT on recurrence was evaluated and we found that the number of previous syncopal episodes till HUTT was performed was mean 3.86±4.75 but after HUTT it decreased to 0.73±0. 44 150 patients had previous history of trauma during syncope but only 9 of them had recurrent syncope. So recurrence rate was not statistically significant in trauma positive and trauma negative patients (p=0.190) ( Table 3 ). The electrocardiographic parameters found similar in recurrent and non-recurrent group. There was not statistically difference between both recurrent and non-recurrent group (Table 4) .
Recurrent syncope was observed in 16 HUTT-negative patients (30.2%) and 24 HUTT-positive (24.7%) patients (p=0.47). The mean recurrence time of syncope during HUTT was 13.19±10.2 minutes. In HUTT positive group, 65 patients had syncope in passive phase and 32 had in provocative phase of HUTT. In group 1, 15 patients had cardioinhibitor, 34 had vasodepressor and 48 had mixed type vasovagal syncope. Although the recurrence rate was found somewhat higher in patients who had syncope in active phase or in the first 20 minutes of passive phase of HUTT, logistic regression analysis showed no statistically significance (Table 5) .
We used forward stepwise logistic regression analysis to determine the predictors of recurrence of vasovagal syncope. We entered gender, age of syncope, HUTT result, QTC and P dispersion, the time of positivity of HUTT, the number of syncope and family history of heart disease as independent variable. Only age of syncope (OR 1.01, 95% CI 1.002, p=0.027) positive family history (OR 4.47, 95% CI 1.071-1.389, p=0.001) and the number of previous syncopal episodes (OR 1.22, 95% CI 1.882-10.623, p=0.003) were identified as risk factors for recurrence of vasovagal syncope (Table 6 ).
Discussion
HUTT is being increasingly used in the evaluation of syncope in children, and it is still unclear which children are at high risk of recurrent syncope. Risk factors for recurrence have not been well-characterized, but a history of previous syncopal episodes and the number of episodes indicate a greater risk of recurrence. Logistic regression analysis of our study showed that only age of syncope, positive family history and the number of syncope were identified as risk factors for recurrence of vasovagal syncope. 
Syncope is a common clinical problem mostly encountered in adolescents. It is observed in 15 of every 100 children before the end of adolescence. The most frequent age that the syncope occurs is between 15-19 years (18, 19) . There is not a consensus about the pathophysiology and accurate treatment of syncope. The most common pattern of unexplained syncope in children is vasovagal syncope (3) . The imbalance of the autonomic nervous system is thought to be most important cause of vasovagal syncope. Qingyou et al. (20) reported that the majority of patients with vasovagal syncope were over 12 years of age and in whom HUTT was mostly positive. The mean age of our study group was 12±3 years.
The initiative signs before the syncope are dizziness, drowsiness, pallor, sweating, nausea, hyperventilation, cold and moist skin and epigastric tenderness (21) . About 63.3% of our patients stated that they were starving before the syncopal episodes; 20% of them had nausea, sweating, blurred vision, and 40% had dizziness. One of the most important features of vasovagal syncope is the development of syncope while standing and 104 of 150 patients had syncope while standing. Fear, excitement, sight of blood and hot bath were the other triggering factors of syncope in our patients.
In one of every three children who are examined because of syncope had a positive relative history with syncope or presyncope suggests that familial factors is important in the pathophysiology (22-24). Mathias et al. (25) reported that 28% of patients with syncope had a positive family history, and this ratio rose to 51% in patients with HUTT-proven vasovagal syncope. Also in our study the recurrence rate was found higher in patients with positive family history (p=0.001).
The diagnosis of vasovagal syncope is established by history, physical examination and the exclusion of other etiologies. Amirati et al. (26) stated that the cause of syncope could not be determined by routine tests in 49.6% of patients. The HUTT offers a simple, noninvasive diagnostic tool for evaluation of syncope in children (27) . HUTT was introduced into clinical evaluation of patients with syncope of unknown origin by Kenny et al. (28) in 1986. This test enables the reproduction of a neutrally-mediated reflex in laboratory settings. Blood pooling and decrease in venous return due to orthostatic stress and immobilization trigger the reflex. The final effect, hypotension and usually concomitant HR slowing, is related to impaired vasoconstrictor capability followed by sympathetic withdrawal and vagal hyperactivity. The clinical situation corresponding to HUTT is reflex syncope triggered by prolonged standing. Although this test can also be positive in patients with other forms of reflex syncope and in patients with sick sinus syndrome, it has a diagnostic value in vasovagal syncope (29) . HUTT is not usually needed in patients whose reflex syncope is already diagnosed by clinical history and in patients with single or rare syncope unless special situations (e.g. injury, anxiety, occupational implications such as aircraft pilots, etc.) (29) . Several studies report that girls are more prone to syncope than males (30) and in our study the 66.7% of the patients with syncope or pre-syncope were female.
HUTT positive patients have syncope mostly early in the morning (31) . Kula et al. (32) evaluated the QTc dispersion in patients with vasovagal syncope. In this study QTc dispersion was significantly higher early morning and late night in HUTTpositive group compared with HUT-negative group. In our study QTc dispersion wasn't significantly different in HUTT-positive and HUTT-negative patients.
The response to HUTT may be variable. Raviele et al. (33) reported that cardioinhibitory type was more frequent in young patients, but mixed and vasodepressive types were frequent in older patients. But in our study most of the HUTT positive patients were mixed type.
Some studies report epilepsy-like tonic-clonic convulsions during vasovagal syncope. Grubb et al. (34) performed HUTT for 15 patients with treatment-resistant convulsions and showed the diffuse slowdown pattern in EEG in 5 patients but not any epileptiform activity. This may suggest that HUTT may be used to distinguish epilepsy from syncope induced convulsion.
The recurrence rates of syncope is reported to be approximately 35% within 3 years and 82% of them occurs in the first 2 years (35). Sheldon et al. (36) and Koukam et al. (37) reported that the most powerful predictor of syncope recurrence was the total number of historical syncopal spells free from the results of HUTT. The results of our study are compatible with previous reports. As mentioned in previous studies, positive HUTT must not be suggested as an appropriate prognostic indicator but the number of the frequency of recent episodes should be considered as more valuable predictor of recurrence (38) . But in contrast, the study of Salim et al. (39) showed that the recurrence rate was higher in HUTT positive patients than in HUTT negative patients. In a study with 190 adult patients, the recurrence rate was found higher in whom arterial baroreflex sensitivity was shown to be decreased within the first minutes of HUTT. This suggests that this parameter should be used as an independent predictor (40). Baron-Esquivias et al. (41) reported that 5 previous episodes were the best predictor of recurrence. Recurrence rate was lower in those patients with <5 (25.1%) than in those patients with ≥5 previous episodes. In that study patients with <5 previous episodes had a syncope-free survival time of 54.1 months (95% CI 49.4-59), but it dropped to 39.6 months (95% CI 32-47) in those patients with ≥5 previous episodes. In our study, the overall recurrence rate for vasovagal syncope has been estimated at 30 percent.
In study of Alehan et al. (42) the reproducibility of HUTT in children was evaluated. In this study the positive HUTT was reproduced in 29 of the 39 patients (74.4%), the negative HUTT was reproduced in 16 of 19 patients (84.2%). The overall reproducibility of a positive or negative HUTT was found 77.6% (45/58). This reproducibility of positive tests could be modified by the so-called 'tilt training effect' described as a therapeutic option in adults and adolescents (43, 44) . Our results support these findings. Because, we observed that the number of episodes were shown to be decreased after HUTT.
Study limitations
HUTT is still the gold standard test for vasovagal syncope. But there is not another test to compare the results of HUTT. The other limitation is that we didn't evaluate the reproducibility of HUTT. The recurrence rate of syncopes was determined by face-to face or by telephone interview.
Conclusion
In conclusion our study stated that only age of syncope, family history and the number of syncope were identified as risk factors for recurrence of vasovagal syncope. Interestingly the number of episodes shown to be decreased after HUTT and this may suggest the therapeutic feature of HUTT.
